Introduction
The tuning of the auditory filter (AF) represents the frequency selectivity, which can be changed by stimulating the efferent auditory system [1] . Some papers have suggested that the frequency selectivity was affected according to efferent pathway by the experiment of the presence of noise in the contralateral ear [2] . In a previous study using a probe frequency of 1.0 kHz [3] , we reported that the tuning of the AF is sharpened by the presence of a cue tone, which is the lead tone from the probe. In this paper aims to investigate whether there are effects caused by the presence of a cue tone at several probe frequencies.
Experiment
Masked thresholds were measured using simultaneous notched-noise masking experiments with two alternative forced choices. Two maskers were sequentially presented with a 1,300 ms inter-stimulus interval in each trial. The two conditions were with and without the cue-tone (CT and non-CT, respectively). For the CT condition, a cue tone was presented 500 ms before presenting each masker. The duration of each masker, probe, and cue tone was 300 ms. A probe was simultaneously presented in either masker interval.
The probe frequencies ( f c s) were 0.5, 1.0, 2.0, and 4.0 kHz. The cue tone frequencies were f c , f c AE 0:1 f c , f c AE 0:2 f c , and f c AE 0:3 f c . The bandwidth of each notched noise masker was fixed at 0:4 Â f c . There were eight symmetric conditions and four asymmetric conditions, shifting by 0:2 f c from f c either to a lower or an upper frequency.
The probe and cue tone level were fixed to 10 dB above the sensation level for each participant. To set up the probe level, the hearing threshold of each participant was measured at 0.5, 1.0, 2.0, and 4.0 kHz. The masker levels were N c , N c AE 2 dB, N c AE 4 dB, and N c AE 6 dB; here N c was set based on a previous study [4] .
Four normal-hearing listeners aged 25-34 participated in the experiments. From the two masker sections, the participants had to choose the one with the probe. All participants were given enough time to practice. The cue tone conditions and probe frequencies were presented in random order.
Estimating auditory filter shapes and its tuning
The percentages of correct responses were derived from the results of the experiment. The sigmoid functions were fitted to the distribution of responses as a function of the masker level for each experimental condition. The masked threshold was defined as the masker level that corresponds to the 75% point on the sigmoid function. The AF shapes were estimated from the masked threshold by using a double-roex filter (with tip and tail filters) [5] based on the power spectrum model of masking. The roex filter has a tail filter not only on the lower frequency side but also ON the higher side. The expression for the roex filter is as follows:
The roex filter is thus characterized by the five parameters t l , t u , p l , p u , and w. The roex filters were fitted to the masked threshold data using a polynomial fitting procedure. The Q 3 dB values corresponding to tuning of the estimated AFs were measured to examine the detailed changes in frequency selectivity. The Q 3 dB values were calculated by dividing f c by the bandwidth at 3 dB down from the filter top. The Q 3 dB values for four probe frequencies (CT and non-CT conditions) are shown in Fig. 1 . The horizontal axis presents the probe frequencies, and vertical axis presents the Q 3 dB values. The filled black circles and the empty circles are the results for the CT and non-CT conditions, respectively. The bars present the standard deviations.
A two-way repeated analysis of variance (ANOVA) with two CT conditions (CT/non-CT) and four probe frequency conditions (0. 
Summary and disucussion
Our previous study reported that the tuning of the AF is sharpened by the presence of a CT when f c ¼ 1:0 kHz. The presentation of a CT also affects the tuning of the AF for f c ¼ 2:0 kHz. However, the minute differences were only Ã e-mail: kidani@jaist.ac.jp found for f c ¼ 0:5 and 4.0 kHz. This shows that the effect of a cue tone's presence varies with the probe frequency.
The mechanism behind the variation in the AF tuning on the probe frequency is speculated based on the activity of the medial olivocochlear (MOC) and the variation in cochlear characteristics that are affected by the activity of the MOC. The contralateral MOC reflex is tuned to an effective frequency range between 0.5 and 1.0 kHz [6] , Moreover, the MOC is the efferent pathway to the outer hair cells (OHCs) from the superior olivary nucleus [7] . Saremi et al. reported that the effect at the OHC's frequencies is largest between 1.0 and 3.5 kHz, due to efferent activation [8] . However, they reported the strongest effect at the OHC's frequencies to be at 2.0 kHz. The effective frequency range found in the present study lies between their results. The reason why our result for the most effective range differs from theirs is unknown.
